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RED BAT HABITAT USE IN ACTIVELY MANAGED FORESTED LANDSCAPES
OF THE VIRGINIA PIEDMONT

Kathryn A. Durkee
Dr. Alix D. Fink, Thesis Advisor
ABSTRACT

Bat habitat in the southeastern U.S. is being threatened by rapid deforestation and
degradation, yet conservation and management strategies are limited by the paucity of
accurate bat demographic and habitat-use data. I conducted summer mist-net surveys to
determine species richness, relative abundance, reproductive condition, and sex ratios of the
bat species occurring in the Appomattox-Buckingham State Forest in the Piedmont
physiographic region of central Virginia. I captured 8 species: red bat (Lasiurus borealis),
eastern pipistrelle (Pipistrellus subflavus), little brown myotis (Myotis lucifugus), northern
myotis (M septentrionalis), big brown bat (Eptesicus fuscus), evening bat (Nycticeius
humeralis), hoary bat (L. cinereus), and gray myotis (M grisescens). Red bats were captured
more than other species (72% of total captures), and pipistrelles were the next most
frequently captured species (11 % of total captures).
To aid in understanding how Lasiurus borealis, a forest-dwelling bat, uses the forests
of the Virginia Piedmont, I located roost sites of lactating females and quantified roost-site
and roost-patch characteristics. Using 0.6-gram radio transmitters, I tracked 27 bats in June
and July 2003 and 2004 to 98 unique roost trees of 13 different species; 94% of which were
hardwood species. I used an information-theoretic approach to evaluate my hypotheses
regarding the effects of roost site, patch, and landscape on red bat habitat use. The best
model supported by the data for the roost-site effects subset was the null model (w i = 0.44).
Within the patch effects subset, the tree composition model (including mean DBH of all
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stems> 0.5 cm, number of trees in DBH class> 15cm and :S 30 cm, and number of trees in
DBH class> 30 cm) was best supported (w; = 0.75). The best model supported by the data
for landscape effects subset was the hardwood effects model that included area of hardwood
cover (w; = 0.42).
My results indicate that the Appomattox-Buckingham State Forest supports a
diversity of bat species during the summer months. However, additional research is needed
to identify the species that occur on the Appomattox-Buckingham State Forest in other
seasons. Future surveys also should incorporate acoustic sampling to better identify species
that might be missed with mist-net surveys. I determined that red bats in the Virginia
Piedmont utilize hardwood trees with diameters greater than 34 cm. I also found that large
diameter trees within a site positively affect habitat use. Based on my results, populations of
red bats in the Piedmont are potentially at risk as the habitat they are using is being
threatened by deforestation. Additional information on the habitat requirements of red bats
and other tree-roosting species will aid in developing effective, data-driven conservation and
management plans.
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LITERATURE REVIEW
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The habitat in which animals select to live is determined by complex interactions
among resource availability, predation, interspecific competition, season, and differing life
strategies (Southwood 1977, Rosenzweig 1981, Morrison et al. 1992, Block and Brennan
1993, Polis and Strong 1996). Intraspecific influences such as population density,
territoriality, gender, reproductive condition, and developmental stage additionally affect not
only the type of habitat used but also the degree to which it is used by a species (Fretwell
1972, Block and Brennan 1993). Habitat studies identify habitats that animals use
differentially thus helping biologists understand the relationship between an animal and its
habitat (Aebischer et al. 1993, Block and Brennan 1993, Arthur et al. 1996). These studies
provide baseline data that can be applied to practical problems and can serve as precursors to
models that predict where an animal should be found and how it will respond to changes in
its habitat (Block and Brennan 1993, Arthur et al. 1996).
Habitat use

Throughout history, humans have observed how animals use their environments
(habitat use) and how they select the environments in which they live and feed (habitat
selection) and have documented species-specific habitat associations (Johnson 1980,
Morrison et al. 1992, Block and Brennan 1993). Initially, habitat associations of the great tit
(P. major) in Europe were identified (Lack 1966), then differences between their habitat use

and habitat selection were determined by removing breeding pairs of birds from their
woodland nesting area (Krebs 1971). The birds moved from a nearby hedgerow to the
woodland as territories became available and Krebs (1971) suggested they were moving from
sub-optimal habitat to more preferred habitat. These observed preferences for certain habitat
types were the basis for theories on habitat selection.
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One well-known theory, the ideal free distribution, states that among habitats with
varying resource levels, an animal will select the habitat with the most abundant resources
that will increase its chance for survival and successful reproduction, thereby increasing its
overall fitness level (Fretwell and Lucas 1970, Fretwell 1972). One important assumption of
this theory is that animals are equally able to enter into a habitat, meaning they would not be
excluded from the habitat because of age, reproductive status, or dominance (Fretwell and
Lucas 1970, Fretwell 1972). The ideal free distribution theory predicts that when the
resources within the habitat are limited, the animal's individual fitness will decrease as the
population level within that habitat increases beyond a critical level (Fretwell and Lucas
1970, Fretwell 1972). At this critical point, the animal may seek to increase its fitness by
moving to another habitat with albeit fewer resources but also less competition (Fretwell and
Lucas 1970, Fretwell 1972).
Variations in an animal's physical requirements or in the environment affect the
habitat used (Morrison et al. 1992). Reproductive condition of ovenbirds (Seiurus
aurocapillus) and worm-eating warblers (Helmitheros vermivorus; Pagen 2000), and gender
of hooded warblers (Wilsonia citrina; Morton et al. 1993) were shown to affect habitat use.
Additionally, some animals, such as hermit thrushes (Catharus guttatus; Brown et al. 2000)
and cerulean warblers (Dendroica cerulea; Jones and Robertson 2001) actively defend
territories (i.e., areas of suitable habitat) thereby limiting the total amount of resources
available to others and decreasing the number of individuals potentially supported by the
habitat. In regions where resource availability fluctuates seasonally, some animals have
adapted by moving to more suitable habitats (Fretwell 1972). For example, during the harsh
winter months in the Andes, the Chilean flamingo (Phoenicopterus chilensis) and the James'
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flamingo (Phoenicoparrus jamesi) move to regions where the climate is less severe (Mascitti
and Bonaventura 2002). The American dipper (Cinclus mexicanus) in British Columbia was
found to spend the winter in the lower elevations of main Chilliwack River and then dur ing
the breeding season, the majority of the population moved upstream to higher elevations
(Morrissey et al. 2004). Seasonal changes in bird abund ance in the coastal habitats of
Connecticut (Placyk and Harrington 2004) and the mountains of Vermont (Rimmer an d
McFarland 2000) have been attributed to various bird species using these areas temporarily
during migrations.
Volant species (i.e., those capable of flight) have an advantage over non-volant
species in that they can overcome resource availability fluctuations among and within
seasons by traveling distances efficiently to fulfill their requirements and exploiting
resources over a larger area or resources within several different locations. In Switzerlan d,
the greater mouse-eared bat (Myotis myotis) and the lesser mouse-eared bat (M blythii)
traveled an average of 8.5 kilometers (25 km maximum) from their roost site to foraging
habitat (Arlettaz 1996), while Townsend's big-eared bats (Corynorhinus townsendii) in
California traveled an average of 10.5 kilometers to forage in a riparian hardwood forest
(Fellers and Pierson 2002). In Kentucky, Rafinesque's big-eared bats traveled up to 1.22
kilo�eters and red bats traveled up to 7.4 kilometers to forage (Hurst and Lacki 1999,
Hutchinson and Lacki 1999). In contrast, the mean maximum distance traveled (in one
movement) by Peromyscus boylii (brush mouse), a small non-volant mammal of similar size
to many bats, was only 61.2 meters (Gottesman et al. 2004).
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Land-use change and habitat alteration
Human induced land-use changes and environmental disturbances also affect resource
quality and availability, but more importantly, they can alter the spatial distribution of
habitats. Following disturbances, not all species respond similarly due to their differing
habitat requirements; some increase in abundance while others decline (Sullivan et al. 1999,
Laidlaw 2000, Jones et al. 2001). Species responses also are dependent on the size, shape,
and location ofthe disturbed area (Grindal 1996, Dooley and Bowers 1998, Laidlaw 2000).
In clearcut areas in the northern spruce-fir forest ofBritish Columbia, populations ofred
backed voles (Clethrionomys gapperi) were smaller than those oflong-tailed voles (Microtus

longicaudus) but this balance was reversed in forested areas (Sullivan et al. 1999).
Following hurricanes on Montserrat and Puerto Rico, the abundance ofbats was found to be
lower than pre-hurricane levels due to the destruction of foraging and roosting habitat
(Pedersen et al. 1996, Jones et al. 2001). The effects offorest structure and deforestation on
forest-dwelling species have prompted research in Malaysia (Laidlaw 2000), Paraguay
(Gorresen and Willig 2004), Africa (Fenton et al. 1998), Canada (Kalcounis et al. 1999), and
the United States (King et al. 1996, Humes et al. 1999, Rosenblatt et al. 1999, Hanlin et al.
2000).
While not all forested habitats are threatened by deforestation, an evaluation of
southern forests in North America identified several regions that are rapidly losing forest
cover (Wear 2002). The forests of the southeastern U.S. are among the most biologically
diverse forests in North America, but many of these ecosystems are endangered as a result of
deforestation and habitat degradation (Owen 2002, Wear 2002). One particular region
undergoing deforestation is the Appalachian Piedmont, which extends from northern New

6
Jersey south into Alabama (Trani 2002). Forty-five percent of the region is forested with
oak-hickory (Quercus-Carya spp.) and mixed hardwood types and scattered loblolly
shortleaf pine (Pinus taeda-P.echinata), 45% is used for agriculture, and 10% is categorized
as urban (Trani 2002).
The southern portion of the Appalachian Piedmont has lost more forested area than
any other southern ecological region with an estimated 199,304 ha (net) d�forested between
1982 and 1992 and a predicted net loss of 1,419,707 ha between 1992 and 2020 (Wear 2002).
Much of the forest loss is attributed to strong economic growth, which led to increased
urbanization and loss of habitat around urban areas, particularly Atlanta Georgia, Richmond
Virginia, Washington D.C., and Charlotte North Carolina (Wear 2002). Additionally, many
forested acres are converted to short-rotation pine plantations, as timber harvesting is an
important component of the Piedmont economy (Conner and Hartsell 2002). For example, in
1952 there were over 72 million acres of natural pine stands and less than 2 million pine
plantations, however as a result of timber harvesting demands, there were only 34 million
acres of natural pine and 30 million acres of pine plantations in 1999 (Conner and Hartsell
2002). During this conversion to short-rotation pine, the area of forested land remains
approximately the same; however, natural pine stands contain a larger diversity of habitats
compared to short-rotation pine plantations (Hunter 1990, Bellows et al. 2001).
Bat status and conservation
One group of animals threatened by habitat loss, especially deforestation, is bats
(Kunz and Pierson 1994, Hutson et al. 2001). With 1,001 species, bats are more diverse than
any other group of mammals and are more widely distributed as they occur in all regions
except the Polar regions (Kunz and Pierson 1994, Hutson et al. 2001, Mickleburgh et al.
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2002). Bats are in the order Chiroptera, which is divided into two suborders; Old World bats
in the family Pteropodidae comprise the suborder megachiroptera (167 species) and the
remainder are in the suborder microchiroptera (834 species; Slaughter and Walton 1970,
Kunz and Pierson 1994, Hutson et al. 2001, Mickleburgh et al. 2002).
Of 73 microchiropteran species found in North America (Canada, Mexico, and the
United States), 17 occur in the Commonwealth of Virginia and 3 of these, gray myotis
(Myotis grisescens), Indiana myotis (M soldalis), and Virginia big-eared bats (Corynorhinus
townsendii virginianus), are listed as Federally Endangered (Hutson et al. 2001, Virginia Fish
and Wildlife Information Service 2002). Two more, eastern big-eared bats (C. rafinesquii
macrotis) and eastern small-footed myotis (M leibii) are listed as Federal Species of Concern
or State Endangered (Padgett and Rose 1991, Hutson et al. 2001, Virginia Fish and Wildlife
Information Service 2002). Almost half of the bats in the Commonwealth of Virginia occur
in the Piedmont: big brown bats (Eptesicus fuscus), evening bats (Nycticeius humeralis), red
bats (Lasiurus borealis), little brown myotis (M lucifugus), silver-haired bats (Lasionycteris
noctivagans), northern myotis (M septentrionalis; Lewis 1940), and eastern pipistrelles
(Pipistrellus subjlavus); hoary bats (L. cinereus) are expected to occur in the Piedmont
(Lewis 1940, Virginia Fish and Wildlife Information Service 2002).
Bats are unique in that they are the only mammals capable of sustained flight (Kunz
and Pierson 1994). Bats are long-lived, and unlike other mammals with high metabolic rates,
bats only give birth to one or two young each year (McNab 1982, Kunz and Pierson 1994).
Microchiropterans use echolocation to locate prey during flight and maneuver in the dark
(Norberg and Rayner 1987, Kunz and Pierson 1994, Hutson et al. 2001). In addition to flight
and echolocation, diverse physical adaptations enable bats to exploit numerous habitats
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(Kunz and Pierson 1994, Hutson et al. 2001). For example, bats roost in a variety of
locations (Cross 1986, Hutson et al. 2001); little brown myotis, big brown bats and gray
myotis roost in man-made structures (Barclay 1982, Fenton and Rautenbach 1986, Fellers
and Pierson 2002, Johnson et al. 2002, Whitaker et al. 2002), while Virginia big-eared bats,
Townsend's big-eared bats, Ozark big-eared bats (Corynorhinus townsendii ingens), and
pipistrelles utilize natural roosts such as caves (Lacki et al. 1994, Wethington et al. 1996,
Hurst and Lacki 1999) and trees (Kunz 1982). Trees (both live and dead) afford bats
numerous roost sites; silver-haired bats, northern myotis, evening bats, and Indiana myotis
roost underneath loose bark (Barclay et al. 1988, Vonhofand Barlcay 1996, Edwards et al.
2001, Menzel et al. 2001, Ford et al. 2002, Britzke et al. 2003 ), silver-haired bats roost in
cracks and crevices (Barclay et al. 1988), little brown myotis, big brown bats, and northern
myotis roost in cavities (Fassler 1975, Barclay and Cash 1985, Parsons et al. 1986, Vonhof
and Barclay 1996, Kalcounis et al. 1998, Edwards et al. 2001, Lacki and Schwierjohann
2001, Menzel et al. 2001, Sedgeley 2001), and red and hoary bats roost among the foliage
(Constantine 1966, Mumford 1973, Kunz 1982, Koontz and Davis 1991, Menzel et al. 2000,
Mager and Nelson 2001).
Worldwide, bats have adapted to feed on a wide variety of items including fruit,
nectar, other animals, and blood, but the majority of bats feeding on insects (Wilson 1973,
Kunz and Pierson 1994, Hutson et al. 2001). Of all the different feeding niches occupied by
bats, Wilson (1973) determined that insectivory is the most important. All bats in the study
area are insectivorous (Whitaker and Hamilton 1998) and are important to ecosystem health;
bats are known to consume up to 30% of their body weight in insects nightly, depending on
the bat species and reproductive condition (Barclay 1989, Wilson 1973, Kunz 1974, Anthony
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and Kunz 1977, Arlettaz 1996, Carter et al. 2003). The mass consumption of insects is
beneficial in agricultural and forested habitats where insect pests can have devastating effects
(Saugey 1991, Marcot 1996, Fenton 2001, Whitaker and Weeks 2001, Wickramasinghe et al.
2003).
Concerns over bat conservation have risen because of increasing habitat destruction
and the lack of information regarding habitat use by many species (Brigham and Barclay
1996, Fenton 1997, Pierson 1998, Mickleburgh et al. 2002). Additionally, the Global Status
Survey and Conservation Action Plan (Hutson et al. 2001) identified forest destruction and
habitat loss as major threats to microchiropteran bats. Specifically, destruction of roost sites
was identified as a major factor in the decline of bat populations (Sheffield et al. 1992).
Until recently, little was known about bats that roost in vegetation because of observational
and technological limitations (Cross 1986, Barclay and Bell 1988, Pierson 1998). Advances
in technology and development of bat-specific equipment such as chemical light tags,
miniature radio transmitters, night vision equipment, and acoustic detectors and recorders
allow researchers to more easily observe and document bat behavior (Barclay and Bell 1988).
Using these new techniques, researchers are finding that many bats are using specific
habitats within forested landscapes for foraging, commuting, and roosting (Grindal and
Brigham 1998, Grindal and Brigham 1999). Researchers using acoustic detection equipment
found that bats foraged more along forest edges than in open areas such as clearcuts in
British Columbia and South Carolina (Grindal 1996, Menzel et al. 2002). They also found
that in New Hampshire, Maine, and Saskatchewan, more foraging occurred over mixwood
stands compared to monotypic stands (Krusic et al. 1996, Kalcounis et al. 1999).
Additionally, higher levels of bat activity were recorded in old-growth forests than in

younger forests in Washington, Alaska, and Alberta (Thomas 1988, Crampton and Barcl ay
1996, Erickson and West 1996, Parker et al. 1996). Using radio telemetry, researchers
located roost sites in large ponderosa and white pine snags in Washington (Campbell et al.
1996), in remnant redwood stands in California (Zielinski and Gellman 1999), and in stands
more than 120 years old in Alberta (Crampton and Barclay 1998). Ttechnological advances
have also allowed researchers to identify roosting habitats of endangered species (Ford et al.
2002, Britzke et al. 2003) and poorly studied species (Lacki and Schwierj ohann 2001,
Menzel et al. 2001).
Study species

One bat, the red bat, is poorly understood due to its solitary behavior. Red bats occur
throughout Canada and Central America and have been documented as far north as Manitoba
and Ontario (Shump and Shump 1982, Barclay 1984, Whitaker and Hamilton 1998, Jung et
al. 1999). They are also found in the northern Caribbean and Galapagos Islands (Shump and
Shump 1982, McCracken et al. 1997). In the United States, red bats are more common in the
Midwest and East than in the West (Shump and Shump 1982, Whitaker and Hamilton 1998).
Red bats are thought to migrate seasonally, but this is based on anecdotal observations
(Constantine 1966) and seasonal shifts in sex ratios (Kunz 1971, Barclay 1984, Timm 1989,
Johnson et al. 2003). However, Cryan (2003) mapped seasonal distributions of Lasiurus spp.
and Lasionycteris noctivagans and suggested the seasonal shifts of red bats may be more
localized compared to the long-distance migration of hoary bats.
Red bats are interesting as they are obligate forest dwellers, roosting solitarily in tree
foliage, except for lactating females who roost with their young (McClure 1942, Constantine
1966, Shump and Shump 1982, Whitaker and Hamilton 1998). Rarely are they found in
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roosts other than foliage: woodpecker holes(Fassler 1975), Spanish moss clumps
(Constantine 1958), grass and leaf litter(Saugey et al. 1998, Mager and Nelson 2001), and
under house shingles (Mager and Nelson 2001).
Miniature radio transmitters have facilitated location of red bat roosts and thus the
collection of more accurate natural history information. Recently, red bat day roosts were
located more than five meters above ground(Mager and Nelson 2001), which contrasts with
previous data that suggested the majority of roosts were less than 5 meters above ground
(Constantine 1966). Mager and Nelson(2001) attributed this discrepancy to their use of
radio transmitters and subsequent ability to locate bats higher in the foliage. Constantine
(1966) reported red bats selected roost trees along the edge of the forest, but with radio
telemetry, day roosts were located more than 50 meters from the forest edge(Hutchinson and
Lacki 2000).
Red bat day roosts are typically found in large diameter hardwoods:> 30.0 cm
(Illinois; Mager and Nelson 2001), 40.8 cm(± 1.9; Kentucky; Hutchinson and Lacki 2000),
and 37.8 cm(± 2.2; South Carolina and Georgia; Menzel et al. 1998). In Mississippi,
however, hardwood roost trees were smaller, I 8.1 cm(± 1.4; Elmore et al. 2004). The
species of tree used also varied by locality with oaks more common in Illinois(Mager and
Nelson 2001), hickories more common in Kentucky(Hutchinson and Lacki 2000), and
sweetgums (Liquidamber styraciflua) and water oaks(Q. nigra) more common in South
Carolina and Georgia(Menzel et al. 1998). In contrast, 30% day roosts located in
Mississippi were in loblolly pines(37.1 ± 0.9 centimeters; Elmore et al. 2004), while pines
were only used once in South Carolina and Georgia(Menzel et al. 1998), and not at all in
Kentucky(Hutchinson and Lacki 2000) and Illinois (Mager and Nelson 2001). The
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variations in roost-site characteristics may possibly be attributed to small-scale variations
among study areas. They could also be attributed to large-scale geographic differences as
previous research occurred in an urban area in central Illinois (Mager and Nelson 2001 ), a
coastal bottomland in South Carolina and barrier island Georgia (Menzel et al. 1998), a large
undisturbed forest in the Cumberland Plateau region of Kentucky (Hutchinson and Lacki
2000), and an intensively managed pine plantation in Mississippi (Elmore et al. 2004).
As a result of several decades of extensive deforestation and lagging habitat research,
the status of forest-dwelling bats in the forests of the Piedmont is unclear. Seven bat species
were known to occur in the Piedmont region (Amelia County): big brown bats, red bats,
silver-haired bats, eastern pipistrelles, evening bats, northern myotis, and little brown myotis
(Lewis 1940). Four additional bats were captured in the adjacent Coastal Plain region: hoary
bats (Padgett and Rose 1991, Bellows et al. 2001), southeastern myotis (M austroriparius;
Bellows et al. 2001), Seminole bats (Lasiurus seminolus; Padgett and Rose 1991), and yellow
. bats (Dasypterus floridanus; Rageot 1955). It is unclear if the occurrence records from the
Coastal Plain will accurately represent the Piedmont due to the differing habitat types. As a
result of the rapidly changing habitats and deforestation occurring in the Piedmont additional
information on forest-dwelling bats is needed for effective conservation of and habitat
management for these species.
Thesis research
Extensive deforestation in the Southern Appalachian Piedmont region over the past
several decades has placed the status of forest-dwelling bats in question. I conducted
summer mist-net surveys in the Appomattox-Buckingham State Forest to document the
current bat community composition. My objectives were to determine species richness,
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relative abundance, reproductive condition, and sex ratios of the local bat populations.
Additionally, I wanted to provide baseline data to aid in future studies and management
decisions.
The use of radio transmitters has provided a technique with which to identify habitat
use information that was previously difficult to obtain. While researchers similarly report
that red bats roost in large trees, there is conflicting information on the species of tree used.
The reported daily movements of red bats and their affinity to certain locations indicate that
factors other than that of the roost tree may be affecting habitat use. However, these factors
have not yet been identified. Habitat use of red bats has been examined in several different
forest cover-types with different results, but it is not known if cover-type is affecting habitat
use. Most importantly, previous research has not identified factors specifically affecting
habitat use of lactating females. As reproductive condition can affect habitat requirements, I
wanted to examine habitat used by female red bats during this critical life stage. To gain
information that will aid in management decisions, I examined female red bat habitat use in
actively managed forests of the Virginia Piedmont. Based on results of other red bat studies,
I hypothesized that habitat use would be affected by factors at three different scales: roost
site (tree), patch (0.04 ha), and landscape (0.79 ha).
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OBJECTIVES

Objective I .--Quantify the following characteristics of roost sites utilized by red bats in the

forested landscape of the Virginia Piedmont: species of roost tree, DBH of roost tree,
height of roost tree, height to bottom of crown of roost tree, crown length, and aspect of
roost. Create models that identify which characteristics or set of characteristics affect
level of use at the roost-site (tree) level.

Predictions: The DBH model will receive the most support with increasing DBH
positively affecting the level of use by bats.·

Objective 2.--Quantify the following habitat characteristics of roost patches (0.04 ha) and

non-use patches (0.04 ha): canopy cover, overstory tree height, understory tree height,
slope, aspect, DBH distribution, understory woody species composition (by species
group), and percent ground coverage (grass, woody, forb, litter, woody, rock, bare
ground, and water). Create models that identify which characteristics or set of
characteristics affect level of use at the patch (0.04 ha) level.

Predictions: The overstory model will receive the most support with increasing
overstory height and increasing canopy cover positively affecting the level of use
by bats.
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Objective 3.--Determine landscape characteristics surrounding the roost sites (0.79 ha) and
the non-use sites (0. 79 ha). Create models that identify which characteristics or set of
characteristics affect level of use at the landscape (0.79 ha) level.

Predictions: The cover type model will receive the most support with increasing
proportion of hardwood stands positively affecting the level of use.

Objective 4.--Determine individual distances traveled by each bat and compare the mean
distances traveled for all bats. Distances compared will be: distance from capture site to
the first identified roost, distances traveled sequentially from one roost to the next, the
mean, minimum, and maximum distance traveled.

Predictions: The mean distances traveled will be similar among individuals due to
patch affinity suggested in Menzel et al. (1998).

Objective 5.--Document and create a database for future research of the bat species present in
the forested landscapes of the Virginia Piedmont. Determine the following bat
community characteristics: relative abundance, species richness, capture rate, sex and age
structure, and reproductive activity.

Predictions: Not applicable
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CHARACTERISTICS AFFECTING RED BAT (LASIURUS BOREALIS) HABITAT USE IN ACTIVELY
MANAGED FORESTED LANDSCAPES OF THE VIRGINIA PIEDMONT
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ABSTRACT

To understand how red bats (Lasiurus borealis) use the forests of the Virginia
Piedmont, I located roost sites of lactating female red bats and quantified roost-site and roost
patch characteristics. Using 0.6-gram radio transmitters, I tracked 27 bats in June and July
2003 and 2004 in Appomattox and Buckingham Counties. I located each bat's roost daily
and quantified vegetation characteristics of used roost patches and associated non-use plots.
I tracked bats to 98 unique roost trees of 13 different species; 94% of which were hardwood
species. I used an information-theoretic approach to evaluate my hypotheses regarding the
effects of roost site, patch, and landscape on red bat habitat use. The best model supported
by the data for the roost-site effects subset was the null model (w i = 0.44). Within the patch
effects subset, the tree composition model (including mean DBH of all stems> 0.5 cm,
number of trees in DBH class> 15cm and :S 30 cm, and number of trees in DBH class> 30
cm) was best supported (wi = 0.75), and the overstory model (including mean representative
overstory tree height and percentage canopy closure) also received some support (w i = 0.24).
The best model supported by the data for landscape effects subset was the hardwood effects
model that included area of hardwood cover (w i = 0.42). These results indicate that red bats
in the Virginia Piedmont utilize mature forests characterized by hardwood trees with
diameters greater than 34 cm, thus potentially placing them at risk as deforestation occurs
throughout the region. Additional information on the landscape factors affecting female red
bat habitat use as well as the habitat requirements other tree-roosting species will aid in
developing effective, data-driven conservation and management plans.
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INTRODUCTION

Conservation of a species hinges on knowledge of its life history and habitat use.
This information is important not only to better understand how an animal is utilizing habitat
at the present time but it can also be incorporated into models that aid in predicting how it
might respond to changes in habitat (Block and Brennan 1993, Arthur et al. 1996).
Alterations occur in all habitat types and have the potential to affect numerous species. For
example, researchers have identified the effects of habitat fragmentation on non-volant
mammals (Dooley and Bowers 1998, Rosenblatt et al. 1999) as well as the effects of forest
management practices on amphibians (Hanlin et al. 2000), non-volant mammals (Sullivan et
al. 1999, Laidlaw 2000), and birds (King et al. 1996, Krementz and Christie 2000).
However, life-history and habitat-use information is not available for most
microchiropteran bat species (Hutson et al. 2001). Therefore, the ability to effectively
predict their responses to habitat change is also limited. This is problematic as habitat
alteration due to shifts in agriculture, mining activities, and deforestation is threatening bat
populations throughout the world (Hutson et al. 2001). Additionally, loss of native forests
was identified as a major threat to bat populations in the Nearctic region, which includes
United States, Canada, and northern Mexico (Hutson et al. 2001).
In Canada, forests> 120 years old (Crampton and Barclay 1995, Jung et al. 1999) and
60-80 years old (Kalcounis et al. 1999) were found to be important habitat for bats as were
forests> 200 years old (Perkins and Cross 1988, Thomas 1988, Humes et al. 1999) and>
150 years old (Parker et al. 1996) in northwest United States. In the eastern U.S. both
evening bats (Menzel et al. 2000, Menzel et al. 2001) and northern bats (Lacki and
Schwierjohann 2001) were discovered to roost in mature forests. While, habitat-use
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information for bats in the Southeast is increasing, however, one region, the Southern
Appalachian Piedmont, remains understudied. This region has undergone more deforestation
than any other region in the Southeast (estimated net loss of 199,304 ha between 1982 and
1992) due to urban development and timber harvesting (Wear 2002). This trend is projected
to continue in the next two decades with a possible net loss of 1,419,707 ha between 1992
and 2020 (Wear 2002). This large-scale deforestation has the potential to affect habitat and
resource availability for many bat species.
One species in particular that could be affected is the red bat. Although the red bat
occurs throughout the Southeast and most of North America, it is poorly understood due to
its solitary nature (McClure 1942, Constantine 1966, Shump and Shump 1982, Brigham and
Barclay 1996, Pierson 1998, Whitaker and Hamilton 1998). Until recent use of radio
transmitters, most information on this species was anecdotal (McClure 1942, Constantine
1958, Constantine 1966). However, using radio transmitters researchers have learned that
red bats roost in large diameter hardwoods although the size and species of tree vary
geographically (Menzel et al. 1998, Hutchinson and Lacki 2000, Mager and Nelson 2001,
Elmore et al. 2004). Red bats also switch roosts frequently but show affinity to certain areas
(Hutchinson and Lacki 2000, Mager and Nelson 2001). This suggests that their habitat use
may be affected by patch-level or landscape-level characteristics that are as of yet
undetermined.
It has been shown that reproductive condition (i.e., pregnancy or lactation) affects
habitat use in several species of bats (Kunz 1974, Barclay 1989). However, as previous red
bat research has combined the habitat information for both males and females (Hutchinson
and Lacki 2000, Mager and Nelson 2001), it is not known how their habitat use differs.
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While research is needed to provide insight into the habitat use of both sexes of red bats, it is
particularly important to understand what habitats female red bats are using during the
critical life stage of pup rearing.
Understanding habitat use by red bats is important not only for protecting populations
but also for conserving overall biodiversity and for maintaining ecosystem health. As are all
bats in the eastern U.S. (Kunz and Pierson 1994), the red bat is insectivorous and can
contribute to ecosystem health (Kunz and Pierson 1994). This is important in agricultural
and forested habitats, such as those in the Piedmont, where insect pests can have devastating
effects (Wilson 1973, Saugey 1991, Marcot 1996, Fenton 2001, Whitaker and Weeks 2001,
Wickramasinghe et al. 2003).
Research concerning habitat use by red bats is limited; therefore, to gain information
that will aid in management decisions, I examined female red bat habitat use in actively
managed forests of the Virginia Piedmont. I hypothesized that habitat use would be affected
by factors at three different scales: roost tree, patch (0.04 ha), and landscape (0.79 ha). I
employed an information-theoretic approach to develop models that represented my
hypotheses. I used Akaike's Information Criterion to compared support for my alternative
models.

STUDY AREA

I conducted my research in the mixed-mesophytic forests of the Virginia Piedmont
(Figure 1). My primary study area, the Appomattox-Buckingham State Forest (ABSF), was
located in the central Virginia counties of Appomattox and Buckingham and is managed by
the Virginia Department of Forestry for multiple purposes including watershed protection,
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recreation, timber production, hunting, fishing, and applied forest research (Virginia
Department of Forestry 2002). The ABSF is divided into 1,700 stands of upland hardwood
(2,827 ha), bottomland hardwood (492 ha), mixed pine-hardwood (775 ha), loblolly pine
(scientific names of all trees are listed in Table 1; 2,970 ha), shortleaf pine (416 ha), Virginia
pine (291 ha), and non-forested game management and open areas (89 ha; T. Brennan,
ABSF, pers. comm.). I also conducted research at the Kennedy Tree Farm (KTF) in
Buckingham County Virginia. The KTF is privately owned and managed for timber
production, wildlife habitat, and recreation. The property is 526 ha in size with upland and
bottomland hardwood (approximately 26 ha), mixed pine-hardwood approximately 105 ha),
loblolly pine (approximately 342 ha), and non-forested areas (approximately 53 ha; J.
Kennedy, KTF, pers. comm.).

METHODS

Data collection

Bat sampling.--! sampled 16 sites within ABSF and 3 within KTF from 9 June
through 11 September 2003 and 2 June through 16 August 2004. T. Brennan (ABSF)
provided information on potential netting sites. I amassed 302 net nights during 53 sampling
nights. I captured bats using 4-tier mist nets (38-mm nylon mesh; A vinet, New York, USA)
ranging from 2.6 m to 12 m wide that were set up over perennial streams, ponds, and across
potential travel corridors. The nets were opened prior to dusk and monitored every 10
minutes until 0100 h.
Captured bats were removed from the net and placed in a holding bag. I determined
the species, sex, mass, forearm length, and reproductive condition (i.e., pregnant, lactating,
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post-lactating, non-lactating, scrotal, non-scrotal; Racey 1988) ofall captured bats. I
determined age (i.e., juvenile or adult) based on the time ofyear and the degree offusion of
the cartilaginous epiphyseal growth plates in the finger bones (Anthony 1988).
Radio telemetry.--! attached a 0.6-gram radio transmitter (battery life of
approximately 21 days; Blackburn Transmitters, Nacogdoches, Texas) with surgical glue
(Smith & Nephew Skinbond®) to the skin between the scapulae oflactating female red bats.
A small amount ofhair was trimmed from between the scapulae to strengthen the bond
between the radio and the skin and to potentially increase the length oftime that the radio
remained attached to the bat. I held the bat with the transmitter in place until the glue
hardened. Following release, each radio tagged bat was monitored to verify the animal's
condition and ability to fly.
With the assistance offield personnel, roost-site identification began within 24 hours
ofradio attachment and continued each day for the life ofthe battery or until the radio fell off
or was pulled off by the bat. On the first day, I returned to the capture site and used a 150154 MHz radio receiver (Model TR-4, Telonics, Mesa, Arizona) with 4-element antenna
(Model RA-14, Telonics, Mesa, Arizona) to locate the radio-tagged bat. Ifthe signal was
detected, I followed it on foot until I located the roost tree. Ifthe signal was not located, I
moved to another location within 0.5 km or to a higher point (e.g., rocks, hilltops) to increase
reception range until the signal was located (Kenward 1987) and then followed it until I
located the roost tree. When exact location ofthe roost within a tree was difficult to identify
using the signal strength, visual verification was conducted with binoculars.
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Roost-site vegetation measures.--! identified the roost tree to species and recorded a
M

description of the roost location. The Universal Transverse Mercator (UT) coordinates of
the roost tree were recorded using a global positioning system (Garmin III GPS unit;
accuracy± 15 m). I flagged the roost tree at breast height with the date and roost
identification number and tagged it at the base with a pre-numbered aluminum tag in the
event the flagging fell off. The tree height (m) and height to the bottom of the live crown (m)
were measured using a Sunto clinometer. Using the measurements of the roost tree height
and height to bottom of live crown, I calculated the crown length. I recorded the diameter at
breast height (DBH; 1.4 m on uphill side of tree) to the nearest 0.1 cm using a diameter tape
or Biltmore stick. Means and standard errors were calculated for DBH, height, height to base
of crown, and crown length (SAS version 8.02, 2000). I determined the aspect of roost using
an azimuth compass estimated the tree condition using the scale described by Thomas et al.
(1979).
Roost-patch vegetation measures. -- To avoid unnecessary disturbance to the bat and

pups and potentially biasing the data, field personnel did not began vegetation sampling until
after the bat had left the vicinity for a minimum of 2 days, the radio had fallen off, or the
battery had died. Using the roost tree as the center, I sampled the vegetation using 0.04- and
0.001-ha nested circular plots. In the larger circular plot, I recorded DBH for all woody
species 2: 0.5 cm. Prior to data analysis these trees were placed into one of four DBH classes:
:S 3 cm,> 3 cm and :S 15, > 15cm and S 30 cm, or> 30 cm (SAS version 8.02, 2000). In the
inner plot, I counted all woody stems 2: 50 cm and< 1.4 m tall or� 50 cm and< 0.5 cm DBH
and compiled them by species group. I sampled ground cover using 4 1-m2 plots following
the methods modified from Daubenmire (1959). Canopy cover was determined by averaging
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4 spherical densiometer readings (one from the center of each Daubenmire plot). Within the
larger circular plot, I measured 3 representative overstory trees with a clinometer and 3
representative understory trees using a meter tape or clinometer. Plot centers that were
within 7 m of each other were joined together and considered a multiple-use patch. For
joined patches, the midpoint between the two roosts was used as the center of the plot.

Non-use-patch vegetation measures.--To aid in identifying characteristics affecting
roost selection, I located 3 non-use patches at random distances (60-180 m; after Hutchinson
and Lacki 2000) and in random directions (1-120 °, 121-240 °, and 241-360 °) from the roost
tree. Overlapping non-use plots were not used; I instead used the next set of random
numbers to determine the location of the plots. I used the same protocol for quantifying non
use patch characteristics as described for quantifying roost-patch characteristics. Non-use
patches were centered on a tree when possible to minimize bias and UTM coordinates
recorded at the center of each non-use plot. When plot centers were located < 15 m apart, I
considered them one plot when assigning non-use plots and used a midway point as center.

Landscape measures.--The Virginia Department of Forestry provided data that were
digitized from USGS 7.5' quadrangles at a scale of 1 :24,000. The data were updated in 2001
using 1994 and 1996 USGS DOQQ imagery at a scale of 1 :12,000 (accuracy± 10 m;
Virginia Department of Forestry 2002). I condensed the 11 cover-type classes into the
following 3 categories: 1) pine, which included loblolly, Virginia, and shortleaf pine stands;
2) hardwood, which included bottomland and upland hardwoods and mixed pine-hardwood
stands; 3) non forest, which included stands harvested in 2001 and 2002, game management
stands, seed orchard, and areas classified as "other". One cover-type class, private land, was
not used in the analysis for lack of information regarding specific cover type. Sites located at
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KTF were not included due to lack cover-type data. Although, condensing the cover-type
classes may have introduced bias, it was necessary in order to evaluate the models.
Using ArcView GIS 3.2a(ESRI 2000), I created a 50-m radius buffer around the
center of each use and non-use patch(Figure 2). The area of each cover type within the
buffer was detennined by intercepting the two data sets. This provided the data that was
used to define the local landscape composition.

Movement measures.--! imported all roost-patch and non-use-patch UTMs into
. ArcView GIS 3.2a(ESRI 2000) and re-projected the data into a geographic projection to
better facilitate distance calculations (W. Dijak, USFS North Central Research Station, pers.
comm.). I calculated the distance(m) traveled from the capture site to the first located day
roost and used the Successive Distances function to determine the distances(m) traveled
daily between each successive roost.
Data analysis
I used 2 statistical analyses to evaluate my hypotheses concerning red bat habitat use.
I used a simple logistic regression to relate habitat characteristics at the roost--site scale to the
level of use of the roost site. As the dependent variable, the levels of use were categorized
into single use(' l' = 1 day; n = 66) or multiple use('0' = 2': 2 days; n = 32) and used single
use as my reference category(SAS version 8.02, 2000). Using a polytomous logistic
regression(PLR), I evaluated patch characteristics of non-use and multiple-use sites to
single-use sites(the reference category). I categorized the levels of use into non use('0' = 0
days; n = 225), single use('2' = 1 day; n = 63), and multiple use('1' = 2': 2 days; n = 30) and
used single-use as my reference category. I also used PLR to evaluate landscape
characteristics and categorized the levels of use into non use ('0' = 0 days; n = 211), single
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use ('2' = 1 day; n = 60) and multiple use (' l' = 2: 2 days; n = 27). Single use was my
reference category (SAS version 8.02, 2000).
For both analyses I used an information-theoretic approach (Burnham and Anderson
2002) to evaluate support for alternative a priori candidate models and therefore my
hypotheses concerning the effects of roost-site, patch, and landscape factors on red bat
habitat use in managed mixed-mesophytic forests. The roost-site effects subset included 7
models: 1) tree type (hardwood, pine); 2) mean DBH; 3) crown length; 4) height; 5) temporal
(year); 6) global model (all parameters); and 7) null model (intercept only). The patch effects
subset included 6 models: 1) overstory (mean representative overstory tree height, percentage
canopy closure); 2) understory (mean representative understory tree height, number of trees
in DBH class S 3 cm, number of trees in DBH class> 3 cm and :S 15 cm); 3) tree
composition (mean DBH of all stems> 0.5 cm, number of trees in DBH class> 15cm and S
30 cm, number of trees in DBH class> 30 cm); 4) temporal (year); 5) global model (all
parameters); and 6) null model (intercept only). The landscape effects subset included 5
models: 1) area of hardwood cover; 2) area of pine cover; 3) area of non-forest cover; 4)
global model (all parameters); and 5) null model (intercept only). I compared support for the
models within each subset, examined model coefficients, and drew conclusions concerning
my hypotheses about habitat use.
Within each subset, I used Akaike's Information Criterion for small sample sizes
(AICc) to rank the models from most supported to least supported (Burnham and Anderson
2002). The model with the lowest AICc was considered the model best supported. The �AIC
was calculated by subtracting the AICc of the best-supported model from all other models.
Akaike weights (w;; the probability that the model is the best model given all the candidate
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models) were calculated as additional measures of model support (Burnham and Anderson
2002). The number of parameters (K), AICc, L'-.AIC, and wi are reported for all models within
each subset�(Table 2).
For the model best supported in each model subset, I interpreted the parameter
estimates and the odds ratios (the contribution of the explanatory variable across the entire
candidate model) for the explanatory variables whose confidence intervals (CI) did not
include 1 (Burnham and Anderson 2002). I present the model coefficients, odds ratios, and
95% confidence intervals (CI) for the best supported models (Table 3).

RESULTS

I radio tagged 27 lactating female red bats in the ABSF and KTF: 13 in 2003 and 14
in 2004. I tracked individuals 1-25 days (.X = 5.6 ± 1.0 days). I located 152 day roosts in 13
species of trees (Table 1); 98 of the roost sites were unique locations and were used as my
experimental unit. Roost trees were used between 1 and 6 days (,,Y = 1.5 ± 0.1 days).
Individuals traveled an average of 716.6 ± 136.2 m from capture site to first located day roost
and moved an average of 71.3 ± 30.9 m between consecutive roosts.
The DBH of single-use roost trees ranged from 19.3 cm to 61.7 cm (X = 37.5 ± 0.4
cm; Table 4), and the DBH of multiple-use roost trees ranged from 14.2 cm to 60.7 cm (X =
34.9 ± 0.6 cm). The model best supported by the data was the null model (intercept only; w;

= 0.44; Table 2).
At the patch level, the mean representative overstory height was greater at single-use
(23.7 ± 0.3 m; Table 4) and multiple-use (23.1 ± 0.4 M) sites than at the non-use sites (18.l ±
0.2 m). The model best supp01ied by the data was the tree composition model (w; = 0.75;
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Table 2). The DBH class of trees> 30 cm was the most important variable for explaining the
differences of use among sites. The mean number of trees> 30 cm was higher at single-use
sites (4.9 ± 0.2; Table 4) than in multiple-use (4.2 ± 0.3) or non-use sites (2.8 ± 0.1). Using
the odds ratio and parameter estimate this indicated a 31 % decrease in the odds a site will be
non-use over use for every 1-unit increase in the number of stems> 30 cm in a 0.04 ha
(Table 3).
At the landscape level, the amount of hardwood cover within the 50-m buffer was
greater at multiple-use sites (6236.l ± 8.5 m2 ; Table 4) than at single-use (5785.8 ± 6.7 m2 )
or non-use sites (4863 .9 ± 3.9 m2 ). The model best supported by the data was the hardwood
cover model (w; = 0.42; Table 2). Area of hardwood cover was the most important variable
in explaining differences among use categories. The confidence interval did not encompass 1
for the hardwood cover variable in the non-use response category and the odds ratio was 1.00
(Table 3). Therefore, for every additional 1 m2 of hardwood cover there was< 0.01 %
decrease in odds that a site was non use over single use. The confidence interval did not
encompass 1 for the hardwood cover variable in the multiple-use response category and the
odds ratio was 1.00 (Table 3). Therefore, for every additional 1 m2 of hardwood cover there
was< 0.01 % increase in odds that a site was multiple use over single use.

DISCUSSION

I found that lactating red bats in the Virginia Piedmont used large diameter
hardwoods for diurnal roosts. The bats switched roosts frequently, but generally remained
within a core area. At the patch level, I found that the number of large diameter trees at a site
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affected habitat use and at the landscape level, I found that the amount of hardwood cover
affected habitat use.
My results were consistent with other red bat research in that I found that red bats
typically roosted in large diameter hardwood trees (Menzel et al. 1998, Hutchinson and Lacki
2000, Mager and Nelson 2001, Elmore et al. 2004). However, I found that the proportion of
tree species used differed slightly from other studies. I located 64% of the roosts in oaks
which was more than in South Carolina and Georgia (Menzel et al. 1998) and more than
central Illinois (Mager and Nelson 2001). Additionally, I found that pines comprised 6% of
all located roosts. This was similar to South Carolina and Georgia (Menzel et al. 1998), but
higher than in Kentucky, where no pines were used (Hutchinson and Lacki 2000). I reported
pines used much less than in Mississippi where 30% of all located roosts were in pines
(Elmore et al. 2004). My results support other red bat studies in that although pines were
used as roosts, hardwoods were used more often and tree species used varied by location.
Although it appears that the amount of hardwoods and pines were approximately even
in the ABSF, I did not determine the availability of each within the study area and therefore
cannot conclude if the use of hardwoods was an actual selection. My models revealed that
neither species nor DBH affected if a site was used once or more than once. However, it is
possible that these factors affect whether a tree is initially selected as a roost. Additional
research in the Piedmont should address the availability of species (specifically oaks) within
a site to determine if certain species are being selected or if it is merely a reflection of tree
composition within the site. The incorporation of data from non-use trees might reveal if tree
species and DBH affect whether a site is used or not.
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The rate of roost switching in the Piedmont (1.5 days) was similar to rates found in
South Carolina and Georgia (1.2 days; Menzel et al. 1998) and Kentucky (2.3 days;
Hutchinson and Lacki 2000). Red bats roosting in foliage are likely more exposed to
ambient temperatures than bats sheltered in cavities, crevices, or caves (Kunz 1982).
Temperature within the roost site has been positively correlated to pup growth following
paiiurition (Racey 1982, Koehler and Barclay 2000). Higher growth rates then increase the
juvenile's chance of survival during hibernation or migration (McNab 1982). Chalinolobus
tuberculatus, utilizes tree cavities for maternity roosts that have higher minimum
temperatures and higher humidity than ambient conditions (Sedgeley 2001). Additionally,
their maternity roosts also experience a smaller range of temperatures throughout the day
(Sedgeley 2001). Therefore, it is likely that red bats are exploiting optimal microclimate
conditions by switching locations as necessary to increase the survival of their young.
Understanding the microclimate conditions sought by female red bats will contribute to a
more thorough understanding of their habitat requirements, thus permitting conservation of
suitable habitat at larger scales.
At the patch level, the amount of large diameter trees affected habitat use. This
supports the results of Hutchinson and Lacki (2000) who found that stands containing red bat
roosts had lower density, higher DBH, and higher basal area than randomly sampled stands.
It is possible that as the number of large trees in a patch increases, so do the amount of
potential roost sites. Therefore, patches with large trees may be attractive as they offer a
greater selection of roosts that can accommodate the roost-switching behavior demonstrated
by female red bats.
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The hardwood model was the best-supported model explaining red bat habitat use at
the landscape level. However, as the odds ratios and the parameter estimates were small, I
decided to interpret only the trend as indicated by the estimates. In the sites sampled,
multiple-use sites have slightly more hardwood cover than single-use sites and single-use
sites have slightly more hardwood cover than non-use sites. Red bats in Kentucky
(Hutchinson and Lacki 2000) predominantly used upland hardwood sites, while red bats in
Mississippi were mostly found in bottomland sites (Elmore et al. 2004). Considering this, it
is possible that combining the 11 cover-type classes into 3 obscured the factor that was
driving habitat use at the landscape level in the Piedmont. It is also possible that red bat
habitat use in the Piedmont is affected by the type of hardwood cover (upland, bottomland,
mixed pine-hardwood). I suggest that further investigation consider using a statistical
analysis that is robust enough to allow for evaluation of all 11 classes separately, as
identifying the effect of hardwood cover type will be important when managing habitat for
this species.
While my research has provided important information concerning the habitat use of
lactating red bats in the Virginia Piedmont, it comes with certain limitations. I have not
considered the effect of habitat on reproductive success or fitness. Therefore it is impossible
to determine if the bats in the study are selecting optimal habitats, or if they are selecting the
best of what is available. An important step in the conservation of this species will be to
examine fitness and reproductive success and determine if the habitats they are using provide
the resources necessary to successfully rear pups.
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MANAGEMENT IMPLICATIONS

In the forested landscapes of the Virginia Piedmont, female red bats are roosting in
mature hardwoods and the number of large diameter trees on a site increases the odds it will
be used for roosting. The area of hardwood cover within 50 meters of the roost tree also
slightly affected habitat use by red bats. Therefore, red bats in the Virginia Piedmont could
likely be impacted as mature forests in this region are harvested.
The importance of large trees for roosting habitat has been shown for other bats
species throughout the U.S. and Canada (Thomas 1988, Crampton and Barclay 1995, Parker
et al. 1996, Humes et al. 1999, Jung et al. 1999, Kalcounis et al. 1999, Menzel et al. 2000,
Lacki and Schwierjohann 2001, Menzel et al. 2001). Large trees are also important for red
bats in other areas of the eastern U.S. (Menzel et al. 1998, Hutchinson and Lacki 2000,
Mager and Nelson 2001) as well as in the Piedmont (Durkee this document). More
importantly, in the Piedmont, female red bats with pups utilize large trees. Therefore
conserving large tracts of mature hardwood has the potential to not only provide habitat for
female red bats during this critical period of pup rearing, but can also benefit other bats and
forest-dwelling species. As land managers are being challenged to make decisions that
benefit the most species, a course-filter approach such as this may be an appealing option to
preserve the biodiversity of an area.
While my results have provided initial information on red bat habitat use in the
Piedmont, they have also indicated a need for further research. As forest harvesting
continues this region, many of the remaining hardwood stands surround riparian areas.
Therefore, it is important to identify whether the location of hardwood stands (bottomland or
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upland) affects habitat use, as this may have important implications for managing this
species.
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Figure 1. Locations of the study areas (ABSF and KTF) in the Piedmont of Virginia.

56

*

D
D

■

Appomattox and Buckinghan1 Counties
Piedmont region
ABSF

*KTF

57
Figure 2. Using ArcView GIS 3.2a, a 50-m buffer was placed around the center of the single
use (n = 60), multiple-use (n = 27), and non-use (n = 211) sites and was intercepted
with cover types (in ABSF only) to determine the area of hardwood, pine, and non
forest cover in each buffer.
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Table 1. Radio-tagged bats (n=27) were located in 13 species of trees in the ABSF and KTF
in the Piedmont of Virginia, 2003 and 2004.

Tree species

Unique roost sites

Proportion of total

Black cherry

Prunus serotina

1

0.01

Black gum

Nyssa sylvatica

1

0.01

Black walnut

Juglans nigra

1

0.01

Hickory sp.

Carya spp.

6

0.06

Loblolly pine

Pinus taeda

2

0.02

Red maple

Acer rubrum

9

0.09

Red oak

Quercus rubra

8

0.08

River birch

Betula nigra

1

0.01

Shortleaf pine

Pinus echinata

2

0.02

Sycamore

Platanus occidentalis

4

0.04

Virginia pine

Pinus virginiana

2

0.02

White oak

Quercus alba

55

0.56

Yellow poplar

Liriodendron tulipifera

6

0.06
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Table 2. A priori roost-site, roost-patch, and landscape effects candidate models explaining
habitat use of red bats in the ABSF and KTF in the Piedmont of Virginia, 2003 and
2004. Number of parameters (K) in each model includes the intercept and each
explanatory variable. Models with lower l-i.AIC c and greater Akaike weight (w i) have
more substantial support.

K

n

AIC c

l-i.AIC c

Null

1

98

123.85

0.00

0.44

Year

2

98

126.39

2.53

0.12

DBH

2

98

126.47

2.61

0.12

Height

2

97

126.55

2.69

0.11

Crown length

2

97

126.68

2.83

0.11

Tree type

3

98

127.11

3.26

0.09

Global

7

97

132.63

8.78

0.01

Tree composition

8

318

477.79

0.00

0.75

Overstory

6

318

480.11

2.32

0.24

Global

20

318

486.76

8.97

0.01

Null

2

318

501.35

23.56

< 0.01

Temporal

4

318

508.78

30.99

< 0.01

Understory

8

318

512.64

34.85

< 0.01

Hardwoods

4

298

467.20

0.00

0.42

Null

2

298

467.73

0.53

0.32

Pine

4

298

468.53

1.32

0.21

Global

8

298

472.13

4.93

0.04

Non forest

4

298

474.03

6.83

0.01

Model

W;

Roost site subset

Roost patch subset

Landscape effects subset

Table 3. Model-averaged coefficients, odds-ratios, and 95% confidence intervals (CI) for the best supported model in each effects
subset explaining habitat use (single use is the reference category) ofred bats in the ABSF and KTF in the Piedmont of
Virginia, 2003 and 2004.

Variable
Patch effects subset
.
. .
No. ofstems m DBH class> 15 and :s 30 cm
Tree compos1t10n mode1

Coefficient

Odds ratio

CI

Non

0.01

1.01

0.95

Multiple

-0.03

0.97

0.88 1.06

No. ofstems in DBH class> 30 cm

Non

-0.37

0.69

0.60

No. ofstems in DBH class> 30 cm

Multiple

-0.15

0.86

0.71 1.05

XDBH

Non

0.05

1.05

0.91 1.22

XDBH

Multiple

0.10

1.11

0.92 1.34

No. of stems in DBH class> 15 and :S 30 cm

Landscape effects subset *
Hardwood model

Use category

1.07

0.79

Hardwood

Non

< -0.01

1.00

1.00 1.00

Hardwood

Multiple

< 0.01

1.00

1.00 1.00

* Does not include KTF sites

Table 4. Roost-tree, patch, and landscape characteristics were evaluated to compare support for alternative models regarding habitat
use of female red bats (n =27) in the ABSF and KTF in the Piedmont of Virginia, 2003 and 2004.

Roost tree characteristics
DBH (cm)
Height (m)
Crown length (m)
Height to crown bottom (m)
Patch characteristics
Representative overstory (m)
Canopy closure (%)
Representative understory (m)
No. of stems DBH class :S 3 cm
No. of stems in DBH class> 3 and :S 15 cm
No. of stems in DBH class> 15 and :S 30 cm
No. of stems in DBH class> 30 cm
DBH (cm)
Landscape characteristics *
Hardwood (m2)
Pine (m2)
Non-forest (m2)
*Does not include KTF sites

x

Non use

-

SE

x

Single use
SE

x

Multiple use
SE

-

37.6
24.4
12.7
11.7

0.4
0.3
0.3
0.3

34.9
23.6
12.0
.11.6

0.6
0.4
0.4
0.4

18.1
70.0
1.8
202.9
44.5
7.7
2.8
4.0

0.2
0.3
0.1
1.0
0.4
0.2
0.1
0.1

· 23.7
79.3
1.9
162.0
38.4
7.1
4.9
4.5

0.3
0.4
0.1
1.4
0.6
0.3
0.2
0.2

23.l
79.0
1.7
143.4
38.1
6.6
4.2
4.7

0.4
0.6
0.2
1.9
0.8
0.4
0.3
0.3

4863.9
2416.4
114.5

3.9
3.7
1.8

5785
1587.9
29.2

6.7
6.3
1.9

6236.1
1320.4
199.1

8.5
8.3
5.6

0\
N

CHAPTER3
BAT COMMUNITY ATTRIBUTES OF A MANAGED, MIXED-FOREST LANDSCAPE
IN THE VIRGINIA PIEDMONT
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ABSTRACT

Bat habitat in the southeastern U.S. is threatened by rapid deforestation and
degradation, yet conservation and management strategies are limited by the paucity of
accurate bat demographic data. I conducted summer mist-net surveys to determine species
richness, relative abundance, reproductive condition, and sex ratios of the bat species
occurring in the Appomattox-Buckingham State Forest in the Piedmont physiographic region
of central Virginia. I mist-netted 49 nights during the summer months of 2003 and 2004 and
captured 207 bats of 8 species: red bats (Lasiurus borealis), eastern pipistrelles (Pipistrellus
subflavus), little brown myotis (Myotis lucifugus), northern myotis (M septentrionalis), big
brown bats (Eptesicus fuscus), evening bats (Nycticeius humeralis), hoary bats (L. cinereus),
and a gray myotis (M grisescens). Red bats were captured more than other species (72% of
total captures), and pipistrelles were the next most frequently captured species (11% of total
captures). The sex ratios for big brown bats, evening bats, and northern bats were skewed
toward females, while the eastern pipistrelles and red bats were skewed toward males. I
found that the Appomattox-Buckingham State Forest not only supports a diversity of bat
species in the summer but may also be important habitat for breeding females of several
species. Additional research is needed to identify the species that occur on the Appomattox
Buckingham State Forest in other seasons. Future surveys also should include acoustic
sampling to better identify species that might be missed with mist-net surveys.
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INTRODUCTION

The forests of the southeastern U.S. are among the most biologically diverse forests
in North America, but many of these ecosystems are endangered as a result of deforestation
and habitat degradation (Owen 2002, Wear 2002). In particular, the southern portion of the
Appalachian Piedmont has lost more forested area than any other southern ecological region
(estimated net loss of 199,304 ha between 1982 and 1992), and this trend is predicted to
continue (projected net loss of 1,419,707 ha between 1992 and 2020) due to strong economic
growth and associated urbanization (Wear 2002). This impact affects habitat and resource
availability for a variety of forest-dwelling species.
There is increasing concern regarding the effects of deforestation and habitat
degradation on forest-dwelling species such as bats (Hutson et al. 2001, Mickleburgh et al.
2002). Despite this, information on bats in the Piedmont forests is limited and best
represents bat community demographics prior to the thousands of acres of deforestation that
have occurred in the past 20 years (Lewis 1940). Seven bat species were known to occur in
the Piedmont region prior to this deforestation: big brown bats, red bats, silver-haired bats
(Lasionycteris noctivagans), eastern pipistrelles, evening bats, northern myotis, and little
brown myotis (Lewis 1940; Table 1). Four additional bats occur in the adjacent Coastal
Plain region: hoary bats (Padgett and Rose 1991, Bellows et al. 2001 ), southeastern myotis
(M austroriparius; Bellows et al. 2001), Seminole bats (Lasiurus seminolus; Padgett and
Rose 1991), and yellow bats (Dasypterusfloridanus; Rageot 1955). Five additional species
known to occur in Virginia are listed as Federally Endangered or Federal Species of Special
Concern: gray myotis, Indiana myotis (M soldalis), Virginia big-eared bats (Corynorhinus
townsendii virginianus), eastern big-eared bats (C. rafinesquii macrotis), and eastern small-
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footed myotis (M leibii; Hutson et al. 2001, Virginia Fish and Wildlife Information Service
2002).
Although previous research identified seven species of bat as occurring in the
Piedmont, the status of forest-dwelling bats in that region is unclear as a result of several
decades of extensive deforestation and lagging habitat research. Effective conservation of
and habitat management for these species depends on accurate community composition data.
To gain a better understanding on the bat communities occurring in the mixed forests of the
Virginia Piedmont, I conducted summer mist-net surveys. My objectives were to determine
species richness, relative abundance, reproductive condition, and sex ratios of the local bat
populations and to provide baseline data to aid in future studies and management decisions.

STUDY AREA

I conducted my research in the Southern Appalachian Piedmont region of central
Virginia (Appomattox and Buckingham Counties; Figure 1). The study area, the
Appomattox-Buckingham State Forest (ABSF), is located between the Coastal Plain region
and the Blue Ridge Mountains; it consists of rural communities, rolling hills and valleys,
pastureland, and forestland. The ABSF is managed by the Virginia Department of Forestry
for multiple purposes including watershed protection, recreation, timber production, hunting,
fishing, and applied forest research (Virginia Department of Forestry 2002). The 7,900-ha
ABSF is divided into 1,700 stands (T. Brennan, ABSF, pers. comm.). The land cover in
ABSF is comprised of upland hardwood (2,827 ha), bottomland hardwood (492 ha), mixed
pine-hardwood (775 ha), loblolly pine (Pinus taeda; 2,970 ha), shortleaf pine (P. echinata;
416 ha), Virginia pine (P. virginiana; 291 ha), and non-forested game management and open
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areas (89 ha). There are numerous streams and creeks within the ABSF. Adjacent properties
contain 2 lakes: Slate River Watershed Lake located to the north and Holliday Lake (61 ha)
to the southwest.

METHODS

With the assistance of field personnel, I sampled 16 sites within the ABSF (Figure 2).
I mist-netted on 49 nights from 9 June through 11 September 2003 and 2 June through 16
August 2004. T. Brennan (ABSF) provided information on potential netting sites. I captured
bats with 4-tier mist-nets (38-mm nylon mesh; Avinet, New York, USA) ranging in size from
2.6 m to 12 m wide. The nets were stretched over perennial streams, ponds, and potential
travel corridors and were opened prior to dusk and monitored until 0100 h.
Bats were removed from the net and placed in a holding bag. I determined the
species, sex, mass, forearm length, and reproductive condition (i.e., pregnant, lactating, post
lactating, non-lactating, scrotal, non-scrotal; Racey 1988) of all captured bats. The age (i.e.,
juvenile, adult) was determined based on the time of year and the degree offus1on of the
cartilaginous epiphyseal growth plates in the finger bones (Anthony 1988).

RESULTS

During 2003 and 2004, I captured 207 bats representing 8 species: red bats (n = 150),
eastern pipistrelles (n = 23), little brown myotis (n = 13), northern myotis (n = 8), big brown
bats (n = 6), evening bats (n = 4), hoary bats (n = 2), and a gray myotis (n = 1). In 2003, I
conducted 19 surveys and captured 63 bats (x = 4.1 ± 0.5 bats per night; Table 2), and in
2004 I conducted 30 surveys and captured 144 bats (x = 5.6 ± 0.9 bats per night). The mean
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capture rate for combined years was 5.2 ± 0.6 bats per night. Red bats were captured most
often (72% of captures; Figure 2), and pipistrelles were the next most frequently captured
species (11% of total captures). The remaining 6 species comprised 16% of total captures
(range 6% - < 1%).
Age, sex, and reproductive condition were identified on all bats (n = 207): juveniles
(n = 41; 20%) and adults (n = 166; 80%; Table 2). The proportion of juveniles captured by
species ranged from 0.33 (evening bat) to 0 (hoary bat and gray myotis). Of adult bats, sex
ratios were female biased in 3 species: big brown bats (5F:0M), evening bats (3F:OM), and
northern myotis (5F:1M). Two species had male-biased sex ratios: pipistrelles (1F:2.8M)
and red bats (lF: 1.3M). Male and female hoary bats and little brown myotis were captured
in equal ratios. I captured 48 lactating females between 15 June and 26 July: big brown bats
(n = 1), eastern pipistrelles (n = 2), hoary bats (n = 1), little brown myotis (n = 2), northern
myotis (n = 4), and red bats (n = 38).

DISCUSSION

The Appomattox-Buckingham State Forest presents an interesting environment for
researching forest-dwelling bats as it is comprised of both mixed-mesophytic hardwoods and
short-rotation pine plantations, therefore offering a diversity of habitats. I captured 8 species
of bats in the summer months with red bats being the most commonly captured species.
Due to similarities in forest cover type between the ABSF and the Cumberland
Plateau of Kentucky (Lacki and Hutchinson 1999), I expected the bat community
compositions to be similar. However, only five bat species were identified in the
Cumberland Plateau with northern myotis being the most common (33% of all captures;
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Lacki and Hutchinson 1999), where I reported 8 species with red bats more commonly
captured (72% of all captures). I also reported higher species richness in the ABSF than
Mississippi (Miller 2003), but lower species richness than South Carolina (Menzel et al.
2003) or West Virginia (Edwards et al. 2001). In the Piedmont, there was a higher relative
abundance of red bats than captured in the pine plantations of Mississippi (50% of all
captures were red bats; Miller 2003), the oak-hickory (Quercus-Carya spp.) forests of Illinois
(18% of all captures were red bats; Carroll et al. 2002), the longleaf pine (Pinus palustris)
forests in Louisiana (17% of all captures were red bats; Lance and Garrett 1997), or the
Allegheny Mountain and Ridge and Valley regions of West Virginia (13% of all captures
were red bats; Edwards et al. 2001).
From the summer surveys, I confirmed the presence of 6 out of 7 species that had
previously been documented in the Piedmont (Lewis 1940). I also documented 2 species
previously not captured in the area: gray myotis and hoary bats. The capture of the gray
myotis was unexpected as it is an obligate cave rooster, spending both summer and winter in
caves with only the occasional use of bridges (Whitaker and Hamilton 1998, Schwartz and
Schwartz 2001, Johnson et al. 2002). The lack of caves in the study area suggests that the
gray myotis is an accidental species in the ABSF. Further research is needed to determine if
it is a resident summer species and if so what habitats it is using within Piedmont. The
detection of hoary bats was not surprising as they have been documented as far east as the
Coastal Plain region of Virginia (Padgett and Rose 1991, Bellows et al. 2001). As one of the
2 captured hoary bats was a lactating female, it is possible that the ABSF may provide habitat
for breeding females.
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A silver-haired bat was captured in December (M. Hayslett, Holiday Lake 4-H
Education Center, pers. comm.), which indicates the need for surveys throughout the year.
The silver-haired bat was most likely a migrant spending the winter in the ABSF, as I did not
detect any during the summer months. This agrees with others who have documented silver
haired bats in Virginia between October and May (Lewis 1940, Padgett and Rose 1991,
Bellows et al. 2001).
My captures of northern myotis, big brown bats, and evening bats were biased
towards females, while the pipistrelle captures were skewed toward males. While this may
indicate that the ABSF is important habitat for breeding females of several species additional
surveys are needed to increase the sample size and rule out any sex-related capture bias. If
female biases remain with a larger sample size, researchers should strive to identify factors
affecting habitat selection by these reproductive females.
The forests of the ABSF in the Virginia Piedmont are diverse and provide 8 species
of bat with roosting habitat during the summer months. All bats captured in the ABSF, with
the exception of the gray myotis, are known to utilize trees as roost sites (Whitaker and
Hamilton 1998). While some information on their roosting habits is available, additional
information is needed on their habitat use within the Piedmont. Future research should focus
on big brown bats, northern myotis, and evening bats to determine if this habitat is important
for breeding females. Additional information is also needed on red bats, the more commonly
captured species in the Piedmont, to further understand their use of the habitat. Surveys
should also occur throughout the year to determine the presence of species such as the silver
haired bat that utilize the forest outside of the summer months. Additionally, incorporating
acoustic surveys will increase the detection of all species occurring within the forest while
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reducing bias from non-random net placement (Lance and Garrett 1997, Carroll et al. 2002).
Based on my results, the diverse habitats within the ABSF are important for many bat species
and warrant additional research that will aid in effective conservation and management
efforts.

72
ACKNOWLEDGEMENTS
Funding for this study was provided by Longwood University Faculty Research
Grants and BatConservation International. Additional support was received from Ames Hull
Springs Farm Endowment, Virginia Soil and WaterConservation District, Virginia Soil and
WaterConservation Association, and ADPi Foundation. I am grateful to the Virginia
Department of Forestry for use of the study site and to the Kennedy Tree Farm for use of
their facilities. I thank A.D. Fink, M.L. Fink, and E.L. Kinman. I also thank B. Royce, M.
Clement, K. Rhome, K. Frantz,C. Carroll, K. Ness, S. Benson, andC. Wilkerson for field
assistance and W. Dijak,-S. Amelon, and F. Thompson of the USFS North Central Research
Station for technical and analytical support.

LITERATURECITED
ANTHONY, E. L. 1988. Age determination in bats. Pages 47-58 in T. H. Kunz, editor.
Ecology of bats. Plenum Publishing, New York, New York, USA.
BELLOWS, S. A., J.C. MITCHELL, J. F. PAGELS, AND H. N. MANSFIELD. 2001. Mammals of
Fort A. P. Hill, Caroline County, Virginia and vicinity. Virginia Journal of Science
52:163-226.
CARROLL, S. K., T. C.CARTER, AND G. A. FELDHAMER. 2002. Placement of nets for bats:
effects on perceived fauna. Southeastern Naturalist 1: 193-198.
EDWARDS, J. W., W. M. FORD, P. B. WOOD, M. A. MENZEL, J.B. JOHNSON, S. F. OWEN, J.
M. MENZEL, B. R.CHAPMAN, AND K. V. MILLER.

iool.

Survey of forest bat

communities on the Monongahela National Forest and Westvaco Wildlife Ecosystem

73
Research Forest. Final Report to the USDA Forest Service, Monongahela National
Forest.
HUTSONA. M., S. P.MICKLEBURGH, AND P.A. RACEY. 2001. Microchiropteran bats: global
status survey and conservation action plan. IUCN/SSC Chiroptera Specialist Group.
IUCN Gland, Switzerland, Cambridge, UK.
JOHNSON, J.B.,M.A.MENZEL, J.W. EDWARDS, AND W. M.FORD. 2002. Gray bat night
roosting under bridges. Journal of the TennesseeAcademy of Science 77:91-93.
LACKI, M. J., AND J. T.HUTCHINSON. 1999. Communities of bats (Chiroptera) in the
Grayson Lake region, northeastern Kentucky. Journal of KentuckyAcademy of
Sciences 60:9-14.
LANCE, R. F., AND R.W. GARRETT. 1997. Bat fauna of central Louisiana forests. Texas
Journal of Science 49:181-189.
LEWIS, J. B. 1940.Mammals ofAmelia County, Virginia. Journal ofMarnmalogy 21:422428.
MENZEL, J.M.,M.A. MENZEL, W. M. FORD, J. W. EDWARDS, S. R. SHEFFIELD, J.C.KILGO,
ANDM. S. BUNCH. 2003. The distribution of the bats of South Carolina.
Southeastern Naturalist 2:121-152.
MICKLEBURGH, S. P.,A.M.HUTSON, AND P.A. RACEY. 2002. A review of the global
conservation status of bats. Oryx 36:18-34.
MILLER, D.A. 2003. Species diversity, reproduction, and sex ratios of bats in managed pine
forest landscapes ofMississippi .. Southeastern Naturalist 2:59-72.

74
OWEN, W. 2002. The history of native plant communities in the South. Pages 47-61 in D.
N. Wear and J. G. Greis, editors. Southern forest resource assessment. U.S. Forest
Service General Technical Report SRS-53.
PADGETT, T. M., AND R. K. ROSE. 1991. Bats (Chiroptera: Vespertilionidae) of the Great
Dismal Swamp of Virginia and North Carolina. Brimleyana. 17:17-25.
RACEY, P. A. 1988. Reproductive assessment in bats. Pages 31-45 in T.H. Kunz, editor.
Ecological and behavioral methods for the study of bats. Smithsonian Institution
Press, Washington D.C., USA.
RAGEOT, R.H. 1955. A new northernmost record of the yellow bat, Dasypterusfloridanus.
Journal of Marnmalogy 36:456.
SCHWARTZ, C. W., AND E. R. SCHWARTZ. 2001. The wild mammals of Missouri. Second
revised edition. The University of Missouri Press, Columbia, Missouri, USA.
VIRGINIA DEPARTMENT OF FORESTRY. 2002. Virginia Department of ForestryHomepage.
[Accessed 16 May 2003 at http://www.vdof.org/stforest/index-absf.shtml]
VIRGINIA FISH AND WILDLIFE INFORMATION SERVICE. 2002. Virginia Department of Game
and Inland FisheriesHomepage. [Accessed August 30, 2004 at
http://www.dgif.state.va.us]
WEAR, D. N. 2002. Land use. Pages 153-173 in D. N. Wear and J. G. Greis, editors.
Southern forest resource assessment. U.S. Forest Service General Technical Report
SRS-53.
WHITAKER, J. 0., AND W. J.HAMILTON JR. 1998. Mammals of eastern United States.
Cornell University Press, New York, New York, USA.

75
Table 1. Species of bats known to occur in the Coastal Plain region (Great Dismal Swamp
National Wildlife Refuge [GDSNWR; Whitaker et al. 1997, Padgett and Rose 1991]
and Caroline County [Bellows et al. 2001]) and the Piedmont region of Virginia
(Amelia County [Lewis 1940] and ABSF [Durkee this document]).

GDSNWR

Caroline
County

Amelia
County

ABSF

Big brown bat

X

X

X

X

Eastern pipistrelle

X

X

X

X

Evening bat

X

X

X

X
X

Gray myotis
Hoary bat

X

X

X

Little brown myotis

X

X

X

Northern myotis

X

X*

X

X

X

X

X

X

X

Red bat

X

Seminole bat

X

Silver-haired bat

X

Southeastern myotis

X

* Documented as Myotis keenii septentrionalis, currently known as Myotis septentrionalis
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Figure l. Location of the study area (ABSF) in the Piedmont of Virginia.
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Figure 2. 16 sites (A) sampled for bats using mist-nets during the summers of 2003 and 2004
in the ABSF, Virginia.
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Table 2. Captures (and proportions) of 8 species of bats identified during the summers of 2003 and 2004 in the Appomattox
Buckingham State Forest located in the Piedmont of Virginia.

Total

2004

2003
Male

Female

Male

Female

0

5
(0.28)

7
(0.39)

2
(0.67)

0

0

0

0

0

0

0

0

1
(0.50)

0

I

1
(0.50)
6
(0.46)

(0.l I)

3
(0.75)
4
(0.22)

0

1
(0.33)

0

1
(1.00)

0

0

0

0

0

0

0

Northern myotis

0

2
(1.00)

0

0

Red bat

0

30
(0.58)

2
(0.04)

20
(0.38)

Total

0

35

2

26

Adult

Big brown bat

0

2
(1.00)

0

0

Eastern pipistrelle

0

0

0

5
(1.00)

Evening bat

0

1
(1.00)

0

Gray myotis

0

0

Hoary bat

0

Little brown myotis

0

0

1
(0.25)
2

Juvenile

6
(1.00)

Adult

Adult

Adult

Male

Juvenile

Juvenile

Juvenile

·Female

6
(0.26)
4
(1.00)

17
(0.74)
0
I

(1.00)

5
(0.38)
1
(0.17)

10
(0.10)

3
(0.50)
23
(0.23)

I
(0.08)
1
(0.17)

1
(0.50)
7
(0.54)
6
(0.75)

15
(0.15)

50
(0.51)

63
(0.42)

87
(0.58)

17

41

22

64

93

114

2
(0.15)
I
(0.17)

5
(0.38)

(0.50)

2
(0.25)

00
C)
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Figure 3. Proportion of all bat captures by species in the Appomattox-Buckingham State
Forest in the Piedmont region of Virginia, 2003 and 2004.
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